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‘[51T  ABSTRACT

To output desu'ed high purity signals, a frequency syn-

- thesizer was made to synthesize reference signals from a

first and second signal generators in the same frequency

~ band as a desired frequency band. Thereby, the resolu- _
- tion of the frequency synthesizer becomes twice the

step AF. Also, the frequency synthesizer can interpolate

- the step size of the first signal generator with half the
- number of steps. While, heretofore, the 100 MHz step
size was interpolated with Fq=0, 10, 20, 30, 40 and 50

MHz, Fq=0, 20, 40 MHz interpolation is made possible.

- This permits the synthesis of 580 MHz to 1280 MHz. In
~ this case, however, the minimum difference between

the sum and difference frequencnes from the first and
second signal generators is 40 MHz and the lowest

frequency is 20 MHz. Thus, depending on mixer isola-

tion, the spurious measures become difficult. The fre-

 quency synthesizer of the present invention pays atten-
“tion to the fact that 20 MHz step signals can be synthe-
- sized at frequencies which are integral multiples of Fq
(multiples of 0 and 5 are excluded). When two-fold Fq
~is used, the minimum difference between the sum and

difference frequencies output from a mixer is 80 MHz

| 3 568,034 2/1971 Shenfeld e s 328/16 - and the lowest used frequency is 40 MHz. The spurious
3,902,132 8/1975 Fried .............. ceseeerersessesaranens 331/15  measures by a PLL circuit becomes easy. A frequency
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1
FREQUENCY SYNTHESIZER FOR
- IMPLEMENTING GENERATOR OF HIGHLY

5218 313

PURE SIGNALS AND CIRCUIT DEVICES, SUCH

AS VCO, PLL AND SG USED -THEREIN

~ This is a division of apphcatlon Ser. No. 07/570,048
filed Aug. 20, 1990 now U.S. Pat. No. 5, 122 763.

BACKGROUND OF THE INVENTION N
1. Field of the. Invention | |

The present invention relates to c1rcu1t dewces for

-synthesuer for providing highly pure signals in which

5

~however, when 110 MHz is acquired as mentioned
‘above, the beat component of 90 MHz cannot be suffi-

~ ciently removed by the loop fiiter 7 and hence spurious

- components will be produced because the frequency
10

1s externally made close to110 MHz the PLL circuit 4
will be pulled in the sum frequency component signal

“from the mixer 3 so that the output of the VCO 6 is

locked to the desired 110 MHz frequency 31gna1
With such a convennonal frequency synthesizer,

difference between the sum and chﬁ'erence frequency

components output from the mixer 3is only 20 MHz. If

| - the loop bandwidth of the PLL 4 were made narrow in -
implementing a generator of highly pure signals. More
specifically, the present invention relates to a frequency N

B 15
- noise 1s suppressed as low as possible and Spunous com-

ponents are rejected as far as possible and circuit de-

- vices, such as a voltage controlled oscillator (VCO), a
~ phase locked loop (PLL) and a signal generator (SG),
- which are used in the frequency synthesizer. N

2. Description of the Related Art
Recent syntheslzed signal generators for a quasi-

20 ¢

‘order to remove the spurious components, C/N of the o
V.CO 6 could not be improved and the rcsponse Speed

of the PLL 4 would be made slow.
That is, in the frequency synthesizer of FIG 24 the'

first signal generator generates frequency signals f] in '
100 MHz frequency steps and the second signal genera-

tor 2 generates frequency signals f> in 10 MHz fre-

quency steps. The mixer 3 produces their sum and dif-
- ference frequency components fi+f>. The PLL 4 com-

prised of the detector 5, the-VCO 6 and the loop filter

microwave region of, for example, 10 KHz to 2,700
MHz: are requested not only to be multifunctional but

also to suppress SSB phase noise (C/N) as low as possi-

'_2.5_

ble in order to unplement a generator of htghly pure

| SIgnals - -
To this end a set of' circuit devlces, such as a fre-

quency synthesizer, a VCO, a PLL, (a SG,) a mixer and .

a frequency and phase detector, which are used in a
synthesized signal generator must be oonﬁgu_red to be

- effective in suppressing noise individually or in combi-
. nation. Moreover, the set of circuit devices must be

configured to meet requirements for low noise, minia-
turization and simplification. |

“However, conventional frequency synthesu:ers usmg |

“a PLL and other circuit devices have not been conﬁg-

~ured yet to meet such requirements. |
- Hereinafter, prior arts of the circuit devices and thelr.

~ problems will be descnbed

[Pnor Art 1] F requency synthesmer

~Heretofore, such a frequency synthesizer using a
PLL as shown in FIG. 24 has been known. |
In FIG. 24, reference numeral 1 designates a first

chosen from frequencies of, for example, 100 MHz, 200
MHz, . .. in 100.MHz step, 2 de:ugnates a second signal
generator for providing a signal f2 of a frequency

| chosen from frequencies 10 MHz, 20 MHz, . . . 50 MHz
| in 10 MHz step, 3 designates a mixer for combmmg

30

is synchronized with either of the sum and difference

“frequency components f] +f3 50 that desired frequenc1es _-
‘are acquired in desired frequenoy steps In this instance,

100 MHz, 110 MHz, 120 MHz, . . . are acquired. Each
of the signal generators 1 and 2 i is required to have as

many sources of frequencles as there are frequency |

steps.
With such a prior art 1 as descnbed above, the fre-

- quency difference between the sum and dlfference fre-
- quency components, i.e., fi+f2— (fl—fz) .26, is small
- as 20 MHz. When the PLL 4 is synchronmed with

~ fi+f2=110 MHz, therefore, the difference frequency
‘component of 90 MHz also enters the PLL 4 but cannot
be totally removed by the loop filter 7. As a result, it

35

. | 4 5
-signal generator for provldmg a signal f1 of a frequency

R the output signals of the first and second signal genera-

tors to produce sum and difference frequency compo-
nents f1+£2, and 4 demgnates a well known PLL which
- is designed such that a mixer type of phase detector 5§

- detects a phase difference between an output signal of
- the mixer 3 and an output signal of a voltage controlled

remains as a spunous ‘component. The problems en-

“countered in narrowing the bandwidth of the loop filter

are a insufficient improvement in the C/N of the VCO

6 and a slow response of the PLL 4. Another prob]em' :
- with the conventional frequency synthesizer is that |
each of the first and second signal generators 1 and 2is
- required to have as many sources of frequenc:es as there

are frequency steps..

[Pnor Art 2] Frequency synthesu:er -

~ An improved frequency synthes1zer, which aims at . "j
~ solving the problems of the prior art 1 and achieving the

frequency synthesls with a smaller number of frequen-

cies, is disclosed in Japanese Unexamined Patent Pubh-
cation 61-16623 (U.S. Pat. No. 4,603,304). N
This improved frequency synthesizer is schematlcally .

~ illustrated in FIG. 25. The frequency synthesizer com-

55

‘oscillator (hereinafter referred to as a VCO) 6 to pro-

vide a phase difference signal which is, in turn, apphed
~ to the VCO 6 through a loop filter 7.
~ In the frequency synthesizer, to prowde all0 MHz
- frequency component to by way of example, a 100 MHz
- frequency component is output from the first :ngnal
generator 1, while a 10 MHz frequency component is
output from the second signal generator 2.

From the mixer 3 is output 110 MHz and 90 MH:z

frequency components which are sum and difference

frequencies. If the free-runmng frequency of the VCO 6

60
: output A of the first PLL9but frequencies of Fg, Fpand e

Fc cannot be output. Those frequencies are supple-

- mented by the second PLL 10 as ﬂlustrated in FIG S

26B. |

In this frequency synthesmer, the followmg draw-

- backs arise from the use of the PLL mcluchng the mix-
ers 9a and 10a. .

65

~prises five sources of frequencnes (Fo, Fs, F,, Fg, F,) and

first and second PLLs 9 and 10 which include mixers 9a

"and 10g to perform frequency synthesis over an fre- |
quency range an octave wide. 95 and 105 designate
phase detectors and 9¢ and 10c¢ designate VCCs. o
- FIGS. 26A and 26B illustrate how each of the fre-

‘quency sources covers the frequency range. As can be

-seen from FIG. 26A, six frequencies can be output at the
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3

(a) The input frequencies (in this instance, Fo, Fp, Fp)
are not utilized effectively because they cannot be taken
out individually as an output of the first PLL 9. For this
reason, the addition of a PLL is required. In order to
take each of F,, Fpand F. out as an output of the first
PLL 9, it is required that an input of the mixer on the
side of the voltage controlled oscillator be placed at a
potential of zero. If it were done, however, the PLL 9
itself could not be organized. |

(b) The application of the improved system to a low
frequency range will lower the reference frequency Fe
of the PLL. This will result in problems of the SpUrious

component, the C/N and the speed of response as dis-
cussed in the prior art 1.

[Prior art 3] Frequency synthesizer

Another technique is disclosed in U.S. Pat. No.
3,902,132, This technique basically uses a PLL includ-
ing a mixer as with the prior art 2 and has the same
problems as the prior art 2. In this case, however, the
PLL used is one in number, but sources of input fre-
quencies increase in number due to a drawback that the
mnput frequencies cannot be used effectively as PLL
outputs by the use of the PLL incorporating the mixer.

[Prior Art 4] PLL

The PLL is adapted to synchronize an oscillation
signal frequency with a reference signal and finds exten-
sive applications in frequency synthesizers, demodula-
tors and so on. An exemplary arrangement of the PLL
is illustrated in FIG. 27.

As illustrated, an output signal of a voltage controlled

oscillator (VCO) 41 is applied to a phase detector 42
along with a reference signal. The phase detector 42
produces an error signal which is, in turn, amplified by
a direct current amplifier 43 for application to a loop
filter 4. A control voltage from the loop filter 4 always
forces the frequency and phase of the VCO 41 to vary
In a direction that synchronizes with the reference sig-
nal. For this reason, the VCO frequency Fo will tracks
frequency variations of the reference signal while main-
taining lock with its frequency Fr.

To vary the frequency of the VCO 41 over a wide
frequency band in this type of PLL, it is required that
the slope of the voltage versus free-running frequency
characteristic (hereinafter referred to as the VF charac-
teristic) of the VCO 41 itself be constant over its full
frequency band. .

However, the VF characteristic of VCOs usually has
a tendency that the higher the frequency range, the
smaller the slope becomes as illustrated in FIG. 28. Its
gain coefficient varies as the frequency range varies as
illustrated in FIG. 29.

When a PLL is formed with such a VF characteristic
of the VCO maintained, the loop gain varies greatly
with the frequency range, thereby disabling the loop
response characteristic from becoming optimized.

For this reason, the gain of the direct current ampli-
fier 43 1s varied externally for each of the frequency
ranges (the magnitude of a feedback resistor Rf is varied
with respect to an input resistor Ri) so that the apparent
gain coefficient of the VCO 41 within the loop may be
constant. -

However, the broadband PLL with a compensating
circuit consisting of the direct current amplifier 43 suf-
fers from a problem that high frequency SSB phase
noise cannot be suppressed sufficiently.

This problem will be discussed below.

10

15

20

25

30

35

4
It is generally known that the SSB phase noise char-

acteristic of a VCO extends over a predetermined range
centered at a carrier frequency and there is a difference
of 6 dB between the characteristic (a) when the carrier
frequency is F1 and the characteristic (b) when the
carnier frequency is 2F1 as shown in FIG. 30.
- In controlling the VCO having such a noise charac-
teristic with the PLL loop, a loop gain of 20 dB is re-
quired in order to obtain — 120 dBc/Hz phase noise at
the carrier frequency F1 and an offset frequency (a
deviation from the carrier frequency) of, for example,
10 KHz. When this loop gain is maintained, the SSB
phase noise of an output signal of the VCO is suppressed
as shown by (c¢) in FIG. 31. N

With the direct current amplifier 3, however, its cut-
off frequency lowers as its gain increases as illustrated in
FIG. 31. Thus, a sufficient gain cannot be obtained in a
frequency range in which a high gain is needed for
compensation of the gain coefficient so that a loop gain

of 6 dB needed when the carrier frequency is 2F1 be-

comes difficult to obtain. |

For this reason, the phase noise when the carrier
frequency is high is not suppressed on the side of high
frequencies (higher than 100 KHz in this case) in offset
frequency, thereby considerably degrading the signal
purity. |

[Prior Art 5] VCO

The VCO used in the PLL circuit is an oscillator
whose output frequency is variably controlled by an
externally applied voltage and may be arranged as
shown mn FIG. 32. ' | |

The VCO of FIG. 32 is a Colpitts oscillator and com-
prised of a resonant circuit 51 connected to an input
terminal via a choke coil L11 and having a coil L12 and
variable capacitance diodes D11 and D12 connected
between the respective terminals of the coil L12 and
ground, an active circuit 52 connected to the resonant

- circuit 51 via a coupling capacitor C11 and oscillating

45
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mainly at a frequency corresponding to the resonant
frequency of the resonant circuit 51, a buffer circuit 53
for taking out an oscillating output of the active circuit
52, and a feedback circuit 54 connected between the
input and output of the active circuit 52 and having
capacitors C12 and C13 for determining a quantity of
feedback on the basis of their capacitance ratio. The
application of a control voltage of the variable capaci-
tance diodes D11 and D12 from the input terminal 50
controls the frequency at which the active circuit 52

oscillates. An output signal of the active circuit 52 is

taken out via the buffer circuit 53.

With the oscillator described above, the capacitance
ratio of the capacitors C13 and C12 of the feedback
circuit 54 is fixed and the quantity of feedback is also
fixed independently of frequency.

With such a prior art as described above, since the
quantity of feedback between the input and output of
the active circuit 52 is fixed, the frequency range of
oscillation is determined only by the quantity of feed-
back.

Following experiments were therefore performed:
the capacitance of the capacitor C13 was set larger than
usual for low frequency oscillation; and the capacitance
of the capacitor C13 was set smaller than usual for
high-frequency oscillation. The experimental results are
illustrated in FIGS. 33 through 36.

In the case of the low frequency oscillation, the linear
frequency versus control voltage characteristic could
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| '__.be obtained up to about 1170 MHz when the control

- voltage was increased gradually as shown in FIG. 33.
- Thereafter the oscillation frequency saturated so that

high frequency oscillation could not be achieved. Also,

~as shown in FIG. 34, the output level decreased as the

“oscillation frequency increased.

6

interfere wrth the desired frequency signal output from

- the output terminal 117 and cause a great disturbance in

~ the amplltude versus frequency charactenstlc of the-

In the case of the high frequency oscillation, abnor- |

mal oscillation occurred when the magnitude of the
control voltage was small and thus the oscillation fre-

. quency was low as shown in FIG. 35. ThJs resulted in

- rangement, however, an increase of the SRD circuitsin =~
number will lead to circuit complexity, an increase in -
cost, an increase in the occupied area of the SRD cir-

10

great level variations in a low frequency range from 600 -

' to 700 MHz as shown in FIG. 36.
~ There is no problem in particular when the VCO 1$
- restrictively used at either a high frequency or a low
-_' frequency In communication equipment needing fre-

output signal as shown in FIG. 38.

‘To obtain signals at the same level. from the output- .

terminal 117, as many SRD circuits as there are re-
quired frequencies may be provided. With such an ar-

cuits on the crrcult board and reduced packagmg efﬁ-_

~ ciency.

13

quencies the band of whrch IS an octave or more wide
- with a high speed processmg and a compact size, broad-

- band oscillation ranging from a low frequency up to a.

high frequency needs be performed by a single VCO.
~To this end, a plurality of oscillators with fixed capaci-
tors adapted for different frequencies and a selector

- connected to the oscillators may be provided. In this

case, the selector can select one of the oscillators to
provide a desired frequency With such an arrangement,

however, the provision of the plural oscillators and the

20

SUMMARY OF THE INVENTION

" In view of the prior arts 1 through 3 described above, L
‘it is a first object of the present invention to prowde a

frequency synthesizer which permits highly pure sig-

“nals to be efficiently obtained at frequency intervals of
resolution AF within a desired frequency band of an
octave width and spurious components tobe suppressed |

. toarmmmum

In view of the pnor art 4 described above, it is a

- second object of the present invention to providea PLL

25

selector leads to c1rcu1t complemty and an mcrease in

COST.

[Prlor Art 6] Signal generator
As the first signal generator used in the frequency

N synthesizer described above is used a signal generator
~ which selects a desired harmonic from among harmon-
B generated by a step recovery diode circuit (hereinaf-

which permits a highly pure signal to be obtained over
a broadband of frequencies for adaptation to the above

frequency synthesrzer of the first ob_lect of the present -
invention. |

In view of the prior art § descnbed above, it is a third

- object of the present invention to provide a voltage

30

‘controlled oscillator which permits its control voltage
-versus oscillation frequency characteristic to be linear

over a broadband of frequencies including a low fre-

| .quency and a high frequency and amplitude variations

~ ter referred to as an SRD crrcult) forming a frequency

- multiplier. The SRD circuit is known as a circuit which
_ generates a plurality of harmonics by multiplying a
_predetermined input frequency by an integer of N.

FIG. 37 illustrates an example of a conventlonal sig-
nal generator using such an SRD circuit.

In this case, obtained harmonic signals do not repre-

sented flat characteristics in a level-frequency curve, so
that frequencies of very low levels which do not take

- -sufficient S-N ratios are resulted.

35

in its output to be reduced without making its circuit :
-arrangement complex for its adaptauon to the fre-

quency synthesizer. |
In view of the prior art 6 descnbed above itisa

fourth object of the present invention to provide a sig-

nal generator which permits the area for its installation

“to be set to a minimum without making its circuit ar-
’ rangement complex and desired harmonics to be output

~ without impairing characteristics of an SRD circuit for

The SRD circuit 111 is structured such that on a: '

-dielectric circuit board, not shown, are disposed an
SRD circuit 111, a plurality of paralleled bandpass fil-

- ters 113 connected to the SRD circuit 111 by patterns

112, and a switching circuit 115 for controlling pin

diodes 114 provided on the input and output patterns
112 of each of the bandpass filters 113. When mput _-

signals of different frequencies are applied to an input
~ terminal 116, they are multiplied by the SRD circuit 111

in frequency by N and a fixed frequency signal in the

~ multiplied-by-N signals is allowed to pass through the
- bandpass filter 113 associated with paired pin diodes 114

45

its adaptation to the above frequency synthesizer.
| Accordmg to a first aspect of the present invention

| there is provided a frequency synthesizer compnsmg

‘a control section; a first signal generator responsive

| to said control section for selectively outputting one of

frequency signals whose frequencies are represented by
Fp=aX |P| X AF (where a coefficient a is a positive

-odd number and a coefficient P is an integer); a second -
signal generator responsive to said control means for

selectively outputting one of frequencies whose fre-

~ quencies are represented by Fq=bX | Q| X AF (where a
- coefficient b is a positive integer exclusive of integral

5

- that are rendered on by the switch circuit 115 for trans-

| _mlssron from an output terminal 117.

With the conventional srgnal generator descrlbed'

above, however, each of the pin diodes 114 is disposed
at a halfway point of its respectwe individual pattern

- 112 to which the bandpass filter 13 is connected. When
a pair of pin diodes 114 are rendered on by the switch
circuit 115 to form a transmission path and all other pin |

‘diodes are off, the output of the SRD circuit 111 is
transmitted over the patterns 112 associated with the

 sides of the bandpass filters 113. This will impose unnec-
~ essary loadmg on m_rcrost_np__hne transmission - paths,

- Fp from said first srgnal generator and a frequency - .

- mixer, said control section determining the values of P
and Q satisfying the following expression (1) on the

- basis of a desired frequency signal Fi=m X AF, a coeffi- -
cient m=0, 1, 2, ... n set in predetermined frequency

~ steps AF; and quotient T and remainder s of m/a to

pin diodes rendered off up to the pin diodes on the input

multiples of prime factors into which a is resolved and
a coefficient Q is an mteger and satlsfymg the expression
|Q| =(a—1)/2); a mixer for mixing a frequency signal

signal Fq from said second signal generator; and a fre- .

quency selecting circuit for selecting either of fre-
quency signals |Fp—Fq| or Fp+Fq output from said

cause each of said first and second signal generators to -

~output a predetermmed frequency and sald frequency. -
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selecting circuit to select one of said frequency signals

|Fp—Fq| and Fp+Fq that corresponds to said fre-

quency signal Fi,
P=T+(s—b6X0)/a (1)

According to a second aspect of the present invention
there is provided a PLL circuit comprising;

an oscillator responsive to a control signal to output a
variable oscillator frequency:

a phase detector for making a phase comparison be-
tween an output signal of the oscillator and a reference
signal; |

a loop filter for extracting a direct current variable
component contained in an output error signal from the
phase detector and feeding said direct current variable
component to said oscillator as a control signal to Syn-
chronize an output signal of the oscillator with said
reference signat; . | |

an alternate current coupling circuit for adding only
an alternate current component contained in the error
- signal from the phase comparator to the contro! signal
for application to said oscillator; and

a compensating circuit inserted in an alternate current
signal path of said alternate current coupling circuit for
compensating the gain of said oscillator for the control
signal apparently uniformly.

According to a third aspect of the present invention
there is provided a voltage controlled oscillator com-
prising: |

a resonant circuit comprising at least a coil and a
variable capacitance diode; |

an active circuit having an input connected to said
resonant circuit: |

a variable capacitance ratio circuit connected be-
tween input and output of said active circuit for causing
the active circuit to oscillate at a resonant frequency of
said resonant circuit, the variable capacitance ratio cir-
cuit comprising a variable capacitance diode and a ca-
pacitor; and |

means for applying a control voltage to said variable
capacitance diode to vary the frequency at which the
active circuit oscillates. |
- According to a fourth aspect of the present invention
there 1s provided a signal generator comprising: °

a harmonic generating means responsive to an input
signal for generating harmonic signals; |

a plurality of first diodes connected to cause the out-
puts of the harmonic generating means to branch:

a plurality of second diodes for causing signals from
the first diodes to further branch; N

bandpass filters connected to the second diodes, re-
spectively, each of the bandpass filters selectively out-
putting a desired harmonic signal; and

switching control means for switching the first and
second diodes.

Additional objects and advantages of the present

invention will be set forth in the description which
follows, and in part will be obvious from the descrip-
tion, or may be learned by practice of the invention.
The objects and advantages of the invention may be
realized and obtained by means of the instrumentalities
aies and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention

10
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and, together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 1s a schematic block diagram of a synthesized
signal generator implemented by the use of various
circuit devices of the present invention:

FIG. 2 and FIGS. 3A and 3B illustrate typical SSB
phase noise characteristics of the synthesized signal
generator of FIG. 1; |

FIG. 4 is a diagram illustrating the background of
reduction of the SSB phase noise; |

FIG. § is a block diagram of a frequency synthesizer
according to a first embodiment of the present inven-
tion; |
FIGS. 6 through 8 illustrate specific circuit arrange-

‘ments of main sections of the frequency synthesizer of

FIG. §; | |
FIG. 9 is a block diagram of a frequency synthesizer
according to a second embodiment of the present inven- -
tion; , !

FIGS. 10 and 11 are diagrams for explaining the
operation of a main section of the frequency synthesizer
of FIG. 9:

FIG. 12 is a block diagram illustrating an example of

the frequency detector of FIG. 9;

30
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FIGS. 13A, 13B and 13C are diagrams for explaining
the operation of a main section of FIG. 12; |

F1G. 14 is a block diagram of a PLL circuit accord-
Ing to a third embodiment of the present invention;

FIGS. 15 and 16 illustrate characteristics of main
sections of FIG. 14; -

F1G. 17 is a diagram illustrating the noise suppression
by the PLL circuit of FIG. 14; |

FIG. 18 illustrates a circuit arrangement of a voltage
controlled oscillator according to a fourth embodiment
of the present invention; -

FIG. 19 illustrates the control voltage versus fre-
quency characteristic of the voltage controlled oscilla-
tor of FIG. 18; | |

FIG. 20 illustrates the frequency versus output ampli-
tude characteristic of the voltage controlled oscillator
of FIG. 19; | | |

F1GS. 21A and 21B illustrate schematic arrange-
ments of signal generators according to a fifth embodi-
ment of the present invention; |

FIG. 22 illustrates the frequency versus amplitude
characteristic of the SRD circuit of the signal generator
of FIG. 21A; | | |

FIG. 23 illustrates the frequency versus output ampli-
tude characteristic of the signal generator of FIG. 21A.:

FIGS. 24 and 25 illustrate schematic arrangements of
conventional frequency synthesizers; |

FIGS. 26A and 26B are diagrams illustrating the
operation of the frequency synthesizer of FIG. 25;

FIG. 27 is a block diagram of a conventional PLL
circuit; -

FIGS. 28 and 29 illustrate general characteristics of
the VCO used in the PLL of FIG. 27; |

FIG. 30 is a diagram illustrating noise suppression by

~ a conventional PLL circuit; |

65

FIG. 31 illustrates characteristics of a main section of
a conventional PLL.: |

FI1G. 32 illustrates the circuit arrangement of an ex-
ample of a conventional voltage controlled oscillator;
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| FIG. 33 lustrates the contro! voltage versus fre-
~ quency characteristic of an oscillator used in a low

frequency band;
FIG. 34 11]ustrates the frequency versus output ampll-
- tude characteristic of an oscillator used in a low fre-
quency band; | -

- FIG. 35 illustrates the control voltage versus fre-
| qucncy charactenstlc of an oscﬂlator used 1n a hrgh'

- frequency band;
FIG. 36 dlustrates the frequency versus output amph-

tude characteristic of an oscnllator used in a high fre-
quency band;

FIG. 37 is a schematrc dtagram of a conventronal
srgnal generator; and

FIG. 38 illustrates the frequency versus output arnph-'

10
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(2) A PLL has its frequency band wrdened and its _

- noise reduced by means of an AC loop. o
(3) An interpolation signal is synthesized at a h1gh |

-_frequency and has its frequency divided to reduce noise. .
(4) An FM VCO has its maximum deviation made IR

‘large and has its. frequency divided after addition.

(5) A block dlagram 1S modrﬁed accordmg to FM

deviation.

For high speed operation, mrmatunzatron and snnph—
ﬁcatron of circuit, o

(1) The use of an octave VCO. | -

2) Non-ad_;ustment of LOCk by means of a fre-_

) quency detector.

15

tude charactenstlc of a conventronal signal generator 3

DETAILED DESCRIPTION OF THE
PREF'ERRED EMBODIMENTS

Reference will now be made i in detail to the presently.

(3) The srmphﬁcatron of a control Ime by means of a '

serial data transmission line.
(4) The high speod data transfer by means of an Optr-

cal link.

- (5) The hrgh speed settmg by means of an LSI dedl-_'

. cated to frequency data calculation.

20

| preferred embodiments of the invention as illustrated in

the accompanying drawings, in which like reference

- throughout the several drawings.

‘of a frequency synthesizer, a PLL, a VCO and an SG
according to the present mvention wﬂl be outlined wrth

~reference to FIG. 1. -
| FIG. 1 is a block dragram of a synthesrzed srgnal |
- - generator for use in a quasi-microwave frequency-band

from 10 KHz to 2700 MHz which can achieve the SSB
phase noise characteristic of —140 dBc/Hz at 20 KHz
detuning pomt at 1 GHz by means of multiple loops

tions, a synthesizer section and an output section. -
- The synthesizer section is responsive to a 10 MHz

~ reference signal to output an octave signal of 640-1350
-MHz/5 mHz and a 200 MHz local signal for a beat
band. In the output section receiving the two output

~ signals of the synthesizer section, a frequency doubler
101, a frequency divider 102 and a mixer 103 produce a
broadband signal of 10 KHz-2.7 GHz/10 mHz which is,

In turn, applied to an automatic level control (ALC)_'
circuit where it is-amplitude modulated and its output

~level is controlled between — 143 dBm and + 17 dBm.
The multiple loops that the SSG uses is inherently
complex but can be represented simply in functional
‘blocks like the synthesizer section of FIG. 1. Actually
‘the multiple loops has one loop for a reference signal
- generator 105, two loops for a high frequency synthe-

- sizer 106, seven loops for a low frequency synthesrzer.

107 and one loop for a sum loop (PLL) 108, that is, a

total of eleven loops. In order to incorporate functions
which are to form standards of future signal generators,

such as low noise, broadband, various modulating func-

tions, rich sweep functions, fast frequency switching

and low leakage, into an ordinary size (177 HXx426

‘W X451 Dmm, 32 kg or less) with such a circuit scale,
~ the SSG simultaneously pursues two themes: noise re-
~ duction; and hlgh-speed operatlon rnnnatunzatlon and -

_ sunphﬁcatton

“Techniques for reallzmg those themes are summa-'

rized as follows.
For noise reductlon o

(l) A reference signal has rts nolse reduced at one o

' pomt and 1s rnultlphed snnply

loop (PLL) 108, which is the last loop, simply adds a

30

~(6) The full use of surface mount components
~(7) The patternmg of connections and the llke

o The noise reductlon of the reference signal at one 1nt |
characters designate like or correspondmg parts o &% pomt.

First, a synthesized signal generator (SSG) nnp]e- 25
mented as a generator of highly pure signals by the use

and the simple frequcncy multrpllcatlon thereof

The SSB phase noise of an mdrrect-method synthe— _-
su:er using a PLL is determined by the noise levels of

| _the reference signal and VCO itself.

In the Case of rnultlple loops conﬁguratron, the sum

plurality of reference signals together. It is general to

~select the loop frequency band at a point at which the
noise level of the reference signal and the noise level of

- the VCO itself becomes equal to each other.

'35
- This SSG is basically divided into two major sec-

45

In the case of that SSG, (60-80 MHz/5
mHz)+(580-1280 MHz/20 MHz)=640-1350 MHz/5

mHz. If 1280 MHz is directly produced from a 10 MHz

reference signal, then the multrphcatron factor will be
128 and the SSB phase noise will be increased by 42.1

dB. If —160 dBc/Hz at 10 MHz, then —-117.9 dBc/Hz
at 1280 MHz. -

To avoid an increase of noise due to such frequency .

'multrphcatlon, the factor of frequency multtphcatlon

may be decreased. For examp]e, 10 MHz i1s first multi-

plied by 10 in the reference signal generator 105 to -
produce 100 MHz. If there is a method of reducing

noise in 100 MHz as low as in 10 MHz, multlphcatron by

12 is further made to provide a signal of —1384

~ dBc/Hz at 1200 MHz. Subsequently, if 80 MHz can be

535

65 |

produced at a low noise level, the noise increase prob-

lem will be solved. Considering all 20 MHz step refer-
- ence signals likewise, it will be appreciated that all the
reference signals can be produced simply by cornbrmng |

100 MHz X N, 80 MHz and 40 MHz. N
Namely, the froquencres can be represented very
srrnply hy the following mathcmatrcal expressrons -

SSOMHz 1mm1zx5+sounz_-
'600MH1=1oomnx6. _ '
620 MHz=100 MHz x7-80 MH:
640 MHz =100 MHzX6-+40 MHz
f660MHz-lOO'MHz>§7—40 MHz
' GBOMHZ IOUMHzx6+80MHz

- 1260 MHz-lDO MHzX 13-40 MHz
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1280 MHz =100 MHz X 12+ 80 MHz

With no frequency multiplication, 80 MHz can be
~ produced as follows. | |

80 MHz=100 MHz X 4+5

40 MHz can be produced simply by dividing 80 MHz by
2. This makes full use of the merits of noise reduction of
100 MHz at one point.

A 10 MHz signal is generally produced by a highly
stable crystal oscillator OCXO and the SSB phase noise
at 20 KHz detuning point is about — 160 dBc/Hz. At 20
KHz detuning point of 100 MHz VCXO, the SSB phase
noise as much as — 160 dBc/Hz can readily be obtained.
. Utilizing this property, the highly stable standard

oscillator 100 divides the 100 MHz VCXO output by 10
to produce 10 MHz and the reference signal generator
105 1s constituted by a multiply-by-10 PLL which is
phase locked to the 10 MHz reference signal.

In addition to a crystal oscillator, a rubidium oscilla-
tor may be used as the standard oscillator. If the band-
width of the PLL is limited to some tens of hertz, the
noise characteristic of the 100 MHz reference signal is

not affected by the characteristic of the standard oscilla- *
tor but depends upon the bare characteristic of the 100

MHz VCXO. |

Since —160 dBc/Hz at 100 MHz is still insufficient,
the reference signal generator 105 further reduces its
noise by use of a crystal filter. However, the crystal
filter having an abrupt selective characteristic has its
characteristic degraded when operating at large signal
levels. When optimizing its attenuation characteristic
and input levels, the 100 MHz reference signal of — 160
dBc/Hz at +12 dBm input becomes a super low noise
signal of +8 dBm, — 174 dBc/Hz.

The multiplication of 100 MHz by N in the high-fre-
quency synthesizer combines a step recovery diode
(SRD) and a helical filter. When the SRD is used self

» . . . * 40 .
biased, about + 18 dBm is required as its drive level. " by C cut is added. The DC loop serves to, with its gain

Since commercial available amplifiers are lacking in
power, a low noise amplifier with a gain of 12 dB gain
and a noise figure (NF) of 1 dB was developed by the
use of discrete components. Consequently, this ampli-
fier serves as an important component for noise reduc-
tion. o

The SRD can generate frequency components N
times the input frequencies in a broadband so that it is
well used as a comb generator. From the standpoint of
the SSB phase noise, however, the compatibility of the
broadband characteristic with the stable operation was
found to be very difficult. Although, at first, one SRD
was used to produce nine outputs from 500 MHz to
1300 MHz in 100 MHz steps, three SRDs each adapted
to produce three outputs were used finally to produce
nine low-noise harmonic signals stably.

On the other hand, the 80 MHz reference signal is
produced by multiplying 100 MHz from the reference
signal generator 105 by four by a dedicated SRD and
then dividing resultant 400 MHz by five by an ECL
divider. Also, the 40-MHz reference signal is produced
by dividing the 80-MHz reference signal by two by an
AS divider. | |

For mixing of 100 MHz XN with 80 MHz and 40
MHz 1s needed an ultrahigh-level DBM which is used
for measuring SSB phase noise. Since the mixed output

‘signal contains many spurious components, the PLL
- 108 which selectively locks to a specified reference

5,218,313
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signal is inserted as a bandpass filter (BPF). The deterio-
ration of the SSB phase noise due to passing through the
PLL 108 can be avoided by widening the loop band of
the PLL 108 to a maximum. On the other hand, the
narrower the loop band of the PLL 108, the more the
effect of the BPF for removing spurious components
Increases. | -

Since the lowest reference frequency is high as 40
MHz, the use of a notch filter for removing integer-mul-
tiple components of 20 MHz at the same time will per-
mit the SSB phase noise characteristic and the spurious
characteristic to be compatible with each other.

The SSB phase noise at 20 KHz detuning point is
—153 to — 147 dBc/Hz for N times components of 100
MHz and —150 dBc/Hz for 80 MHz and 40 MHz. The
resultant SSB noise for 580-1280 MHz/20 MHz is
— 144 to — 147 dBc/Hz and the spurious is —90 dBc or
less. |

Band broadening and noisé reduction of the PLL by
- means of an AC loop

For miniaturization and simplification of circuit, a
semi-coaxial type of VCO based on a semi-rigid cable,
which can covers an octave frequency band, was used
as the VCO of the PLL 108. | | |

For this reason, the SSB phase noise of the VCO itself
cannot be expected much as, at ]| GHz, — 100 dBc/Hz
with 20 KHz detuned and — 140 dBc/Hz with 2 MHz
detuned. |

It 1s impossible to extend the loop band to 2 MHz or
above stably even if a commercial available broadband
operational amplifier is used, which causes a great
change in phase. When a phase change occurs, it be-
comes difficult to control the damping factor of the
loop and the SSB phase noise deteriorates at frequencies
around the frequency at which the loop gain falls to
zero. To improve this, in addition to a DC loop com-
prised of an active filter and an adder amplifier, an AC
loop for directly coupling a PD output to a passive filter

fallen, generate a control voltage necessary for phase

- lock and improve noise at 20 KHz detuning point, while

45
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the AC loop serves to control the loop bandwidth with
its gain risen sufficiently and a linearizer consisting of an
analog switch matched to the linearity of the f— V char-
acteristic of the VCO further added. The linearizer in
the AC loop can be adjusted more easily than the linear-
1zer in the DC loop.

Interpolation signals are synthesized at high freiquencies
and frequency divided for noise reduction

Next, the noise reduction of the other reference sig-
nals generated by the low frequency synthesizer 107,
60-80 MHz/5 mHz, will be considered.

Those reference signals are each used to be interpo-
lated between the reference signals in 20 KHz steps and
thus serve as interpolation signals. The noise level and
spurious that those signals have appear at the output of
the sum loop 108 repeatedly at 20 MHz intervals. The
phase noise and spurious can be improved by frequency
division. For this reason, the reference signals were
synthesized by 300-400 MHz/25 mHz and a five-fold
frequency and frequency divided by 5 so that an im-
provement of 14 dB was obtained. |

The phase noise is in the order of — 150 dBc/Hz due
to limitations of the divider itself. As means of raising
the frequencies of the interpolation signals, addition of
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the reference 51gna]s i performed The reference srgnals o

are generated by the same process as the reference 31g—
‘nals for the final sum loop 108 described above.

FM VCO has its maximum devmtlcn made large and its
output frequency divided after addition

The ‘generation of an FM signal is a key to the signal

. generatcr If the function of FM is unnecessary, the

~design of the signal generator will easily be made in a
qulte different manner.

generater is the addition of FM s:gnals For FM signals,
‘there is a mode, called DC-FM, in which frequency

. variations can be made by a direct current component.

~ In other words, because of the DC-FM, a part i1s re-

15

- quired which is out cf locked condition and not a syn-

- thes1zer

‘As an exception, some use an A/D converter, con-

vert frequency modulated srgnals to frequency setting

information, and are always in the synthesizer state. In
this case, the adjustment of delay times due to the pro-
cessing time of the A/D converter and phase continu-
ous frequency switching are required. Thus, a direct

digital synthesuer, a digital phase synthesrzer or a frac-.

_tlonal N system is reqmred

The part which is not a synthe:uzer namely, Wh.lCh is

free-runnmg state, cannot attain a sufficient noise

_ 10
The weak point of conventional synthesuzed mgnal
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maximum deviation is kept at 2 MHz In the seccnd_ |

~ case, the 4 MHz+400 KHz FM signal is added so that =

- the maximum FM deviation becomes 400 KHz. The
third case is equivalent to the addition of the 80

MHz+8 MHz FM signal so that the maximum FM

~ deviation is 8 MHz. The first, second and third cases-

‘correspond to the Middle, I-Il-stablhty and Wlde modes,

respectively.
As described above, the mterpolatlcn srgnal is fre- -

quency divided by five before it is entered into the last

sum loop. At the 640 MHz-1350 MHz/5 mHz output of

the synthesizer section, the FM maximum deviation is =
80 KHz in the Hl-stabﬂlty mode, 400 KHz in the Mlddle |
‘mode and 1.6 MHz in the Wide mode. :

The frequency stability in the Hl-stablhty mode is 10

‘Hz/H and the SSB phase noise at 20 KHz detuning

point, — 140 dBc/Hz, is also satisfactory.
Next, techmques for speeding up, miniaturization and

| simplification of c1rcu1ts which support nmse reductlcn.

_20

25

level by itself unless a cavity oscillator or crystal oscilla-

tor is used therein. Also, it is difficult to obtain fre-

quency stability which is close to that of synthesizers.
The noise reduction of a broadband FM. 51gnal cannot
be effected by a BPF or the like.

- The.frequency division allows noise to be reduced.
though deviation is decreased. At the same time, the

frequency stability is also unproved From the above

30
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considerations, the FM VCO is designed such that its

maximum deviation is made large for frequency division |

following addition.

Modlficatlcn cf the block diagram acccrdmg to the FM'

deviation

It is yery dlfﬁcult to satisfy low phase noise at the

- time of CW, and frequency stability and FM ma:umum
deviation at the time of DC-FM at the same time.
A basic measure is only to design signal generatcrs

wﬂl be descnbed

Ncn-ad_]ustment of LOCK by means of a frequency
detectcr

The frequency detector allows five thh frequency o
small PLLs to be mounted on a printed circuit board
‘along with the octave VCO described above. In a con-
ventional techmque, pulling of frequency ofa VCOis
performed for a narrow frequency range one of any
- divided ranges which is obtained by dividing, a whole -
frequency range with a dividing of VCOs, for example, o
- L or VCO changing and voltage presetting. It is, how-

ever, a hard work to perfcrm an octave frequency
range. . - -
Hence, it is assumed that a manner takes a presettmg |

with a D/A converter. Even if the output of the D/A
‘converter is linearly proportional to set frequency infor- -
. 'mation and the V —f characteristic of the VCO is linear,

“the PLL lock may not be performed when the VCO

lmearlty does not fall within an error of several percent

“in view of temperature characteristics. If a ROM is used

to generate a preset voltage which is optimum for each

- frequency, the VCO linearity need not be considered.

45
_the frequency detector was used so as to make fast 3 ms

which are quite different from one another in their |
block diagrams according to the FM deviation. For this

reason, three synthesizer modes of Hi-stability, Middle

~and Wide are actually prepared -and circuits are
switched acccrdmg to the FM deviation.
The FM signal is generated by a VCO of 20 MHz+2

" But, the acquisition of data to be written into the ROM
and the temperature characteristics of the VCO and the =

like remain as problems. In place of the D/A converter,

-LOCK possible on a ncn-ad_]ustment basis. The fre-

- quency detector serves as a type of window detector.

. MHz. The resultant maximum deviation is 2 MHz. The

20 MHz+2 MHz signal is, as a reference signal of the

FM sum loop, added to low-order digit signals to pro-

duce interpolation signals of 300400 MHz/25 mHz. As

- the first switching, a 20 MHz=+2 MHz is frequency

~divided by five to prepare a reference signal of 4

MHz+400 KHz. In this case as well, the frequency

‘range of the low-order digit signals is changed to pro-
duce interpolation signals of 300400 MHz/25 mHz.

~ As the second switching, a divider is added to a
- feedback loop of the FM sum loop. Then, the 20
MHz+2 MHz FM signal becomes equivalent to the 80
MHz+8 MHz reference signal apparently Namely, the
FM signal is frequency mulnphed by four in the FM

~sum loop.

The three cases are summanzed as fol]cws In the
ﬁrst case, the FM srgnal 1S added as it is so that the

i mercially available frequency detector which operates

~ 60 on a one-to-one frequency basis can be used to compose

The window detector is comprised of a detector for o
| 'detectmg an upper limit value and a detector for detect-

ing a lower limit value. Each of the detectors outputs a
pulse when its input value exceeds a limit value. The

‘upper limit detecting detector outputs down pulses for | o
~downward correction, while the lower limit detectlng |
55 |

detector outputs up pulses for upward correction. -
‘When an input value falls within a window between

‘the upper and lower limit values, the detectors produce - '

no pulse and enters the stable state. In practice, a com-

an N-to-one detector. This is implemented by placing a-

_' 1/N divider at the precedlng stage cf one input of the

- frequency detector.

65

‘When the VCO output is ccnnected to an mput of the

1/N divider and a 1 MHz reference signal is connected

to the other input, the detector can detect (N)MHz. If

two sets of these circuits are combined with one divider

as 1/(N+2) divider and the other divider as 1/(N—1) '



5218,313

- 15
divider, a window detector of (N+2) MHz—-(N-1)
MHz is formed. |

The up pulses and down pulses are added to the PD
outputs in the active filter of the PLL.

Simplification of a control line based on a serial data
transfer line

To perform setting of data in the 1/N divider neces-
sary for the frequency detector and controlling of ana-
log switches about 800 wires are required. For this
reason, the serial data transfer line is completely used.

High speed data transfer based on an optical link

Data was transferred between the synthesizer and the
CPU over an optical link so as to overcome transfer
speed and noise problems. | ~

High speed setting based on an LSI dedicated to
frequency data calculation -

~ The high speed performance of the optical link was
fully utilized by an LSI dedicated to BCD calculation,
2N calculation and serial transfer.

Total adoption of surface mount components

Surface mount components were totally adopted as a
trump card for miniaturization.

Patterning of wires

In order to stabilize performance, most of wires in-
cluding shield lines were patterned.

A synthesized signal generator as a highly pure signal
source which permits noise reduction at the highest

level could be implemented. using the techniques de-
scribed above.

FIG. 2 and FIGS. 3A and 3B illustrate typical phase

noise characteristics of the SSG at offsets of 20 KHz, at
I GHZ and at 150 MHz, respectively.

The background of the reduction of SSB phase noise -

in particular will be described herein.

In a conventional frequency synthesizer, since the
synthesizes of reference frequencies at low frequencies
is advantageous to RF band design, second signal gen-
erator output 10 MHz steps are added to or subtracted
from first signal generator output 100 MHz steps to
synthesize 290-640 MHz. The synthesized frequencies
are added to other reference signals by a SUM loop and

multiplied by two to obtain desired frequencies
640-1350 MHz. | -
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may be narrow. In the present invention, the VCO
output range needs an octave or more and the loop band
has to be widened because the SSB phase noise of the |
VCO itself cannot be expected.

To cover an octave or more band in the conventional
technique, use is made of two or more VCOs which are
switched by means of a switch. In the present invention,
however, the band must be covered by one VCO to
avoid switch circuit complexity, SSB phase noise dete-
rioration and space problems. |

Next, some embodiments of circuit devices. used in
such a synthesized signal generator serving as a source
of highly pure signals.

[First embodiment] frequency synthesizer

The frequency synthesizer according to the first em-
bodiment is used as the HF synthesizer 106 of FIG. 1
and 1ts basic arrangement is illustrated in FIG. 5.

That 1s, the frequency synthesizer of FIG. § includes
a first signal generator 11 for providing outputs from
500 to 1300 MHz in 100 MHz steps, a second signal
generator 12 for producing a resolution of AF by addi-
tion to and subtraction from the outputs of the first

signal generator 11, a mixer 13, provided outside of a

PLL 14, for additively and subtractively combining the
outputs of the first and the second signal generator or
directly transmitting the output of each of the signal
generators, a control section 27 for determining which
of the resultant outputs is to be selected according to
setting in a frequency setting section 28 and performing
calculations, and the PLL 14 having a frequency detec-

- tor (FD) 18 responsive to output data from the control

35

section for directly counting outputs of a VCO 17 in the
PLL 14 to set upper and lower limit thresholds digi-
tally, and covering frequencies in its window. The PLL
14 performs filtering and outputs a desired output fre-
quency. The PLL 14 aims to remove spurious compo-

-~ nents but need not be limited to this. The VCO 17 used

45

In this technique, since the synthesis is performed

within half of a desired frequency range, the SSB phase
noise should be improved by 6 dB over a desired value.
- However, only signals of the order of — 147 dBc/hz can

30

be synthesized due to noise deterioration resulting from

device floor noise and the addition and subtraction for
10 MHz steps. |

By the way, the cutoff of a loop band depends on
how much noise level is to be reduced. To reduce VCO
noise up to — 140 dBc/Hz as in FIG. 4, the cutoff has to
be extended up to a far point. With the conventional
technique, however, since there is the lowest frequency
10 MHz at the second signal generator output, broaden-
ing of the loop band to 10 MHz or more is impossible in
view of spurious. |

How far the band is to be broadened depends greatly
- on the SSB phase noise of the VCO itself which is lim-
ited by an output range of oscillation frequencies. That
i1s, the narrower the output range, the more the noise
characteristic 1s improved. Thus, the PLL bandwidth

35

65

in the PLL 14 covers an octave band by itself. Thus, a
plurality of VCCs need not be switched. Reference
numeral 15 designates a phase detector in the PLL 14.

In FIG. §, the frequencies Fp and Fq of the first and
second signal generators 11 and 12 are controlied by the

- control section 27 on the basis of desired frequency

information Fi set in the frequency setting section 28 by
an operator. From the mixer 13 are output frequency
signals of | Fp—Fq| and Fp+Fgq. The PLL 14 locks to
one of the output frequency signals and removes the
other frequency component. =~

Hereinafter, description is made specifically. |

First, the output frequencies Fp and Fq of the first
and second signal generators 11 and 12 are related as
follows. | |

Note here that there is the condition that the desired
frequency information Fi is set in predetermined: fre-
quency steps AF such that Fi=mXAF. (m: positive
integer, AF: positive real number)

Fp=aXPxXAF
where a is a positive odd number and P is an integer.
Fg=bXQOXAF

where b is a positive integer excluding integral multi-
ples of prime factors into which a is resolved and Q is an
integer satisfying |Q|=(a—1)/2. |
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P= T+ (s—'be)/a |

~ where T and s are quotient and remamder when m

(=Fi/AF) is divided by a, reSpectwely, and they are

~each a positive integer inclusive 0.

Of the coefficients, a and b are fixed values which are
determmed when the frequency synthesizer is designed.

The coefficients P and Q have their ranges of values
determined at the time of design. Their values to be
taken during operation are determined in accordance
- with desired frequency information Fi set actually.

~ Subsequently, the theory of a basic example will be
~outlined. |

Fi/AF

axT+s—(Fp+Fq)/AF
ﬂ)(P-l'bXQ

In this express:on P and Q each take a pos:twe value or

a negative value.

- Assuming herein that P T+t (t is an mteger)
axXT+8= a><(T+t)+b><Q

S=axt+bX0
then Q and P are fepresented by
Q=.(s-—a><r)/b |

P=T+ (s~ bX 0)/a

' The above relationship allows tables 1, 2, 3 4,5 and 6 to
be made up with a, s and b used as parameters. These
tables ‘are uniquely determmed because the integer t
satisfying [Q| =(a—1)/2 is only one in number.

The tables 1 and 2 are used to obtain Q and t when
~a=5. In the tables 3 and 4, s, Q and P are turbulated
from a, s, b, Q, T and t and the above relationship.

Likewise the tables 5 and 6 are used to obtain Q and
t when a= 11 If necessary, a table of s, Q and P may be

made up.
- Therefore, s and T are obtamed from frequency infor-
mation Fi, AF, a a.nd b and then P and Q are determmed
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output from the first and second 51gnal generators 11
and 12 to be determmed uniquely.

TABLE 1

a=32>5

TABLE 4
a=S5b=4

7
QO
8-

L B e O
|
[ 8
] =~ -
=11 + + -
o N ek

TABLE 5

7y
o
|

o 0 0 0o 0 0. 0  — R

O VOO ~I WD ULRN I —O

Rl

0 0 0

“b=7 b=8 b=9 b=10b=11 b=12

—3

INERE RN

0
0
2
1 -3 - 3
4
5.

0 I T I B
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TABLE 6-continued

a=11]

S b=1] b=2 b=3 b=4 b=5 b=6 b=7
6 1 0 0 2 ] 0 -2
7 ] 1 2 1 2 —1 0
g 1 0 1 0 3 -2 2
9 1 1 0 -] —1 3 4
10 ] 0 2 2 0 2 -1

On the other hand, as above described, Fp and Fq
each take a positive value or a negative value based on
the signs of the coefficients P and Q.

Foregoing expression Fi=mX AF=Fp+Fq takes a
positive real number since coefficient m takes a positive
integer and AF takes a positive real number. It is repre-
sented that the expression for Fi takes one of following
expressions (1), or (2).

|Fpi+}Fq] (1)

| |Fp| - |Fql | (2)
then generalized

conditions provide following expres-
sions. | |

Fp=aX |P| X AF,
Fag=bX|Q| X AF

In the expressions, since coefficients a, b and Fi each

take a positive value, we substantially obtain following
expressions.

Fp=|Fp|,

Fg=|Fg|

Therefore, obtained frequency becomes |Fp |+ [Fq| or
|Fp| —|Fq| when these frequency signals pass the
mixer 13. Actually, output of the mixer 13 becomes
|\Fp|+|Fq| or ||Fp|—|Fq|| since the mixer 13 does
not output a negative frequency. These outputs are the
same as above described expressions (1) and (2).

One of these frequency signals |Fp|+|Fq| and
| |Fp| —|Fq| | is the same as the setting frequency data
F1, then the PLL circuit 14 outputs so selected signal.

Therefore, P and Q may be processed as positive
value to ignore signs of P and Q which each take a
- negative value as listed in Tables 1 to 6.

A concrete example will be described below.

This example corresponds to the case where a=5 and
b=2 in the previous basic example. Namely, this exam-
ple corresponds to the case of table 1.

This case has the following effects. |

(1) As can be seen from tables 1 and 2, when b is
increased with a fixed at 5, the required frequency Fp
increases.

That is, this example would be prepared as following
frequencies.

In table 3,

Fp=5XAF, X(T+1)XAF

In table 4,
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Fp = 5X(T—-1)XAF 5XAF,
5 X (T+ 1) X AF,
S X (T+ 2) X AF,

Fg = 0,4 X AF, 8 X AF

Likewise, even if a is changed with b fixed at 2, the
frequency Fq increases in number. '

Thus, an optimum number of frequencies are ob-
tained. | |

(2) When b=2, the Fq frequencies are in the multi-
plied relationship and can easily produced by the use of
a single signal source and frequency dividers. Since a
mixer need not be used, frequencies with good C/N can
be produced.

(3) The frequencies synthesized by the mixer are
Fp—2XAF and Fp+2XAF, the difference therebe-
tween being 4 X AF. In separating those frequencies by
the PLL circuit, the bandwidth of the loop filter can be
made wide. | |

In this example, the frequencies Fp and Fq output
from the first and second signal generators 11 and 12 are
determined, on condition that output signals YO0 of the
PLL circuit 14 are produced in frequency steps AF, as
follows. ,

Fp=PX5XAF

where the coefficient P takes any one of integers from 0
to n. | |

Fg=0X2XAF

where the coefficient Q takes any one of integers from
0 to 2.

1In this way, the first and second signal generators 11
and 12 are each arranged to output one frequency signal
according to a corresponding one of P and Q from the
control section 27. |

The control section 27 finds the quotient T and the
remainder s when the frequency information Fi set by
the frequency setting section 28 by 5XAF and then
determines the values of P and Q from table 1 corre-
sponding to the remainder s to thereby control the first
and second signal generators 11 and 12.

Examples of numeric values will be indicated below.

With outputs from 100 to 200 MHz produced in
AF =20 MHz steps, when Fi=100, since s=0and T=1
are obtained from Fi/(5X AF), we have P=1 and Q=0.
Therefore, Fp=100 MHz and Fq=0. |

With Fi=120, since s=1 and T=1, P=2 and Q=2.
Therefore, Fp=200 MHz and Fq=80 MHz. |

With Fi=140, since s=2 and T=1, P=1 and Q=1.
Therefore, Fp=100 MHz and Fq=40 MHz.

With Fi=160, since s=3 and T=1, P=2 and Q=1.
Therefore, Fp=200 MHz and Fq==40 MHz.

With Fi=180, since s=4 and T=1, P=1 and Q=2.
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‘Therefore, Fp— 100 MHz and Fq= 80 MHz. |
- With Fi=200, since s=0 and T=2, P=2 and Q—-O
Therefore, Fp=200 MHz and Fq=0. |
Those values are given in table 7.

TABLE 7
140 - 100 40
180 100 80
200 %

200

Assuming that the frequencies FP and F O are Fp-- g
-and Fq=k. The first and second signal generators 11

10

22

in a through manner so that, in the absence ofoneof the
‘input signals to the mixer 125, the other of the input
-signals may be output as it is. Whereby, the mixer 13can
directly transmit an output srgnal from each of the first

- and second signal generators in addition to the mixed

outputs of the first and second s1gna1 generators 1n sum |

and difference frequencies.

Therefore, such a frequency synthesizer accordmg to

“the first embodiment has the following advantages.

(a) A difference between the sum and difference fre-

~ quencies from the mixer can be made large. Thus, even

15

- and 12 respectively provide predetermined frequenc1es .

Fp= ganqu k to the mixer 13.

The PLL circuit 14 selectrvely locks to etther of the

output - frequencies (Fp= =g)—(Fq=k)  and
(Fp=g)+(Fqg=k) of the lmxer 13 accordmg to the
| frequency information Fi.

Though the ‘actual. mput frequency components to
~ the mixer 13 include Fp=g, Fq=k, (Fp=g)—(Fg=Kk)
- and (Fp=g)+(Fq=k), the desired frequencres are

~ (Fp=g)—(Fq=k) and (Fp=g)+(Fq=Kk).

. The frequency detector 18 instructs the PLL c1rcu1t

_"_14 to lock to either (Fp=g)— (Fq--k)
(Fp= g)+(Fq—k), and will later be descrtbed in detaﬂ
refer to FIG. 12.

- FIGS. 6, 7 and 8 illustrate specrﬁc arrangements of
- the first stgnal generator 11, the second signal generator
12 and the mixer 13 of FIG. 5, respectively. They are

arranged as described in connectlon wrth the high fre-

- guency synthesrzer 106.

MHz in 100 MHz steps by multiplying the 100 MHz
signal from the reference signal generator 105 (refer to

- FIG. 1) by a factor of N (5 to 13), the first signal genera-

- tor 11 of FIG. 6 has an input amplifier 11q, two filters

116 and 11¢, three SRDs 114, 11e and 11/ operating at
N=5t0 7, N=8 to 10 and N=11 to 13, respectively,
- and nine bandpass filters 11g1 to 11g9 three of which -

20

if the bandwidth of the loop filter of the PLL circuitis
‘widened, broadband and high C/N signals can be out-

put without ]ossemng the Spunous suppression effect.
(b) Signals can be output in predetermmed frequency

“steps with a small number of signal sources.

(©) A frequency of 0 can beset to an input signal to the

~ mixer. In this case, the frequency of the other input
signal to the rmxer can be output as 1t is, thus 3 tmprovmg C

efficiency.

(d) The crrcult arrangement can be made simple as -

- compared with the prior art. This will correspondmgly

25

30

prevent the generation of spurious components.

[Second embodiment] Frequency synthe_srzer

~ FIG. 9 illustrates a frequency synthesizer according
to a second embodiment of the present invention which
1S arranged to output signals in 10 MHz steps by divid-

‘ing a signal having a frequency of Ta tlmes a desued'._
frequency by a factor of Ta.
- InFIG. 9, a first signal generator 11 outputs a signal

f1—y1 X Ta and a second signal generator 12 outputs a

- signal f3=y3 X Ta. Furthermore, f1 and f2 for Ta=2 in

- 35
~ That is, in order to output s1gnals from 500 to 1300 |

the second embodiment correspond to Fp and Fq for

a=35, b=2 in the ﬁrst embodiment, respectwely The

~second signal generator 12 uses signals of 0 MHz, 10

MHz, 20 MHz, 30 MHz, 40 MHz and 50 MHz as refer-

- ence signals which are respectively designated by A, B,

~correspond to a respectwe one of the SRDs. The center

~ frequencies of the nine bandpass filters 11g1 to 11g9 are

45

chosen to be 500, 600, 700, 800, 900, 1000, 1100, 1200 -

~ and 1300 MHz, respectively. Switches S1 to S25 are
- switched by control signals from the control section 27

according to the frequency setttng in. the frequency |

| settmg section 28.
The second signal generator of FIG T outputs a 80

N MHz signal through an amplifier 122 supplied with the

100 MH:z signal as described above, a multiply-by-4

SRD 12b, a bandpass filter centered at 400 MHz, a

- divide-by-5 frequency divider 12d and an amplifier 12¢
and further outputs a 40 MHz signal from a divide-by-2

55

frequency divider 124 via coupling devices 12fand 12g.

The mixer 13 of FIG. 8 conducts the 500 to 1300

MHz/100 MHz signals from the first s1g1:ta] generator 11
- of FIG. 6 to an input of a mixer 12b via an amplifier 13a-
- and the 80 MHz and 40 MHz signals from the second

- signal generator 12 of FIG. 7 to the other input of the

- mixer 12b via high pass filters 12¢ and 234, respectively,

C, D, E and F and outputs .a signal fob=y;XTa
(=AXTa, CXTa or EXTa) obtained by multiplying

one of the reference signals A, C and E by Ta. The
choice of one of the reference srgnals is made by a con-
trol section 27 to be described later.. |

- Assuming the lowest &equency f1(1) of the first srg-

_nal generator 11 to be 100 Ta, its output frequencres are

output in steps the size of which corresponds to Ta
tunes the hrghest frequency F as follows.

A@ = A+ Fx Ta
- (W+PT
AG) = AQ+FXTa
= (100 +2F) Ta
AW = A—1D)+FxTa

"

(100 + (N~ 1DFTa
yI(n) X Ta

| 1u.rhere YI(n) 1oo+(n-; 1) F. yvhrch of the frmuenmes_ '

so that 580-1280 MHz/20 MHz signals are output from

- the mixer 13b via an amplifier 12e. Switches S26 to S31

65

are switched by control signals from the control section
27 according to the frequency setting in the frequency

setting section 28 (see FIG. 5) but they can be switched

is to be output is determined by the control section 27.

Reference numeral 13 designates a mixer which mixes |

.,-mput signals from the first and second signal generators

11 and 12 to produce the sum and difference frequencres

-of the mput srgnals
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Reference numeral 14 demgnates' a PLL which is
comprised of a phase detector 15, a loop filter 16 and a

VCO 17. For high C/N and fast response, the loop filter

16 has a bandwidth of, for example, about 20 MHz.

Reference numeral 18 designates a frequency detec-
tor (hereinafter referred to as an FD) which forces the
free-running frequency of the VCO 17 to be close to
frequency data N (Ta times the desired frequency).

Reference numeral 19 desipnates an adder which
adds 1 to the frequency data N, while 20 designates a
subtracter which subtracts 1 from the frequency data N.
The adder 19 and the subtracter 20 may be build in the
control section 27. Reference numeral 23¢ designates a
frequency divider which divides the output frequency
of the VCO 17 by a factor of (N+1), while 24¢ desig-
nates a frequency divider which divides the VCO out-
put frequency by a factor of (N—1).

Reference numeral 23c¢ designates a frequency com-
paring section (FCy) which produces down pulses
when the output frequency of the frequency divider 23¢
is higher than the reference frequency (1 MHz), while
24 designates a frequency comparing section (FCp)
which produces up pulses when the output frequency of
the frequency divider 24¢ is lower than the reference
frequency.

The frequency comparing sections 23z and 245 may
be used for the same construction.

Reference numeral 25 designates an up-down pro-
cessing section which vary its output voltage in the
direction to reduce the VCO frequency when receiving
‘the down pulses or in the direction to raise the VCO
frequency when receiving the up pulses. Thus, the FD
18 responsive to application of the frequency data N
thereto to force the free-running frequency of the VCO
17 to enter a range of N+ 1 MHz.

- Reference numeral 26 designates a frequency divider
for the VCO frequency by Ta.

Reference numeral 27 designates a control section
responsive to desired frequency data set in a frequency
setting section 28 to determine output frequencies of the
first and second signal generators 11 and 12 and fre-
quency data N for the FD 18.

With the desired frequency data y0 set as yﬁ-—-
PaxX100+QaXx 10 MHz, the control section 27 causes
the second signal generator 12 to output an output fre-
quency {2 (=y2XTa) depending on Qa as shown in
FIG. 7 and causes the first signal generator 11 to output
-an output frequency f1 (=y1 X Ta) depending on Pa and
Qa as shown in FIG. 11 when the lowest output fre-
quency is assumed to be 100 MHz. Also, the control
section 27 outputs to the FD 18 the frequency data N
which is Ta times the set frequency data (PaXx 100-
- 4+QaXx10).

Next, a description is made of the operation of the
frequency synthesizer when Ta=4.

As an example, when “110” is set by the frequency
setting section 28, Pa=QaX 1. The control circuit 27
therefore causes the first signal generator 11 to output a
mgnal of f1(2)=11(1)4+FXTa=y1(2) X Ta=600 MHz

in accordance with FIG. 11 and the above expression

for f1, causes the second signal generator 12 to output a
signal of y2XTa=EXTa=160 MHz in accordance
with FIG. 10, and outputs frequency data of “440” to
the FD 18.

For this reason, the mixer 13 produces the sum and
difference frequency components of (y1+y2) T, i.e., the
sum frequency component of 760 MHz and the differ-
ence frequency component of 440 MHz. Responsive to
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the frequency data *“440” the FD 18 forces the free-run-
ning frequency of the VCO 17 to come between 439 and
441 MH:z.

The free-running frequency of the VCO 17 falls in the
pull-in range of the PLL which uses the difference
frequency signal of 440 MHz from the mixer 13 as the
reference signal and is locked to (y1—y2) T, i.e., 440
MHz by the loop pull-in control. As a result, a desired
signal of 110 MHz (y0) 1 1s output from the frequency
divider 26. |

The sum frequency component (yl1+y2) T of 760
MHz:z from the mixer 13 produces a beat not of 320 MHz
(v2X Ta) when mixed with the sum frequency compo-
nent of 760 MHz from the mixer 13. Because the band-
width of the loop filter 16 is sufficiently low as com-

pared with the beat freqﬂency, the beat note can be

removed completely so that it is not transmitted to the
VCO 17.

Also, since the reference signal component (440
MHz) and its harmonic components which are shghtly
contained in the signal of the second signal generator 12
are sufficiently far from the band of the loop filter 16 so
that the VCO 17 is not modulated by the signal compo-
nents and highly pure signals results.

Similarly, when frequency data of “120” is set,
f1(1)=400 MHz and CXTa=80 MHz are output from
the first and second signal generators 11 and 12, respec-
tively, so that the sum and difference frequencies of 480
MHz and 320 MHz are output from the mixer 13.

Since frequency data “480” is input to the FD 18, the
output frequency of the VCO 17 is driven to the vicinity
of 480 MHz and then locks to the sum frequency of 480
MH:z from the mixer 13. 480 MHz from the PLL 14 is
divided by 4 by the frequency divider 26 so that 120
MHz is output.

The signal of the desired frequency resulting from
this frequency division is improved in C/N more than
the signal output from the PLL 14. |

It will be appreciated that, with this embodiment, the
frequency y0(n) of the signal output from the frequency
divider 26 is given by the following expressions and any
one of frequencies variable in 10 MHz steps can be
output. |

YO0 = () + A)/Ta
(1) = () — E X Ta)/Ta
_ 100 + 10
W) = (1) + C X Ta)/Ta
= 100 + 20
YW3) = ((fiQ2) - Cx Ta)/Ta
= 100 + 30 |
¥4 = A+ EX Ta)/Ta
= 100 + 40
Y5 = (1Q2) + A)/Ta
= 100 + 50
Y6 = (13) — E X Ta)/Ta
= 100 + 60
X7 = (12) + C X Ta)/Ta
" = 100+ 70
yX8) = (A1(3) — C X Ta)/Ta
= 100 + 80
N9 = (1QR) + E X Ta)/Ta
= 100 + 90
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'-ccntinued_'-'--
W10 = (N3) + AH/Ta
o = 20+0

) = (M@) - E X Tay/Ta_
' = 200+ 10

¥0(12) = (NQ3) + C X Ta)/Ta

= 200 +20

It 1S determmed by the frequency data N entered into 10
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Furthermore the } divider needs not always, if the

~ first and second frequency comparators 23 and 24 can
~ be used for frequency comparators which directly oper-

“ate with the VCO output frequency Fout. |
The first frequency dividers 235 and 24b are adapted -

~ to produce divided output frequency fZ which allows
- comparison in the frequency comparing sections 23a
~and 24) and thus their dwrdmg factors Ru and RL are
 fixed.

the FD 18 whether to take the sum of or the difference

‘between the output frequency of the first signal genera-

- tor 11 and the output frequency of the second srgnal |

generator 12 in the above expressions.

puts three kinds of output frequency Y2XTa (A,

- CXTa, EXTa). Alternatively, 100 MHz step signals
~ from the first signal generator may be multiplied by 4 to

produce 400 MHz step signals as in 400, 800, 1200 MHz,

The above embodiment was described w:th respect B

to the case where the second signal generator 12 out-

20

and reference signals from 0 to 50 MHz may be muiti- -

plied by 4 by the second signal generator.
In the above embodiment, a signal of a frequency of
four times (Ta=4) the desired frequency is output from
- the PLL circuit 14. However, Ta may be any number rf
1t is larger than 1. |
In the above embodrment the free-runnmg frequency
of the VCO 17 is forced to come close to a frequency of
Ta times the desired frequency by the FD 18. Where
the control voltage versus output frequency character-

- 1stic of the VCO 17 is known preweusly, such a control

“voltage as makes the free- -running frequency of the

VCO 17 Ta times the desired frequency may be applied

from the control circuit 27 to the VCO so as to drive the

25

~The dividing factors Nu and NL of the seccnd fre-
quency dividers 23¢ and 24¢ assume values accordmg to

-~ the settmg in the frequency setting section 28.

~That is, the FD 18 has upper and lower limit thresh-

‘old values determined by the Nu and NL for the refer-
ence signal frequency fZ, in this case, (upper limit)=8-
X NuXfZ, Qower limit)=8X Nz XfZ. When the VCO
~output frequency Fout is out of the threshold values,up
pulses or down pulses are generated from the frequency - |
_ comparing sections 244 or 23a to thereby pull Fout in

- the threshold values. | o
~ The up pulses and down pulses from the frequency R

comparing sections 24g and 23qg are applted to switches
25a and 25b of the up/down processing section 25. The
‘switches 25a and 25b are turned on and off ¢ every timea

pulse is applled thereto. During the on period, a voltage : q

- of +15V or —15 V is applied to a coupling point 25c.
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free-runnmg frequency in the pull-in range of the loop.

“As described in detail, the_frequency synthesizer ac-

.cording to the second embodiment of the present inven- :

tion applies to the mixer two frequencies resulting from
Ta multiplication of two frequencies the sum or differ-
ence of which exhibits a desired output frequency so as

- to output a signal of a frequency locked to Ta times the
. desired frequency from the PLL and divides the output
- frequency of the PLL to obtain the desired frequency.

- Therefore, a frequency difference between the sum and

difference frequencies from the mixer can be made
large, and, even if the bandwidth of the loop filter of the
PLL 1s widened, broadband and hlgh C/N signals can

“be output without lessemng the sPuncus signal suppres-
. sion effect.
- Also, since the eutput frequency of the PLL 1s di-

 vided, signals which is further u:nprcved in C/N can be
~ provided.

Furthermcre, since the FD 18 is provlded the pulhng

performance to the locked frequency of the PLL is

unproved with an insulation ef lcck and a hlgh speed
processing.

The +15 V voltage is applied, via a first amplifier 16a
for addition and integration of FD pulse and PD beat

and a second amplifier 165 for offset shift to an output
range of 0 to 32 V and inverting amplification, to the

“control input of the VCO 17 superimposed on the out-
put of the loop filter 16. In this embodiment, the loop
filter 16 comprises a first and second amplifiers 16a and
- 16b, a lag-lead filter 16¢ and a notch filter 16d. The first
‘amplifier 16a is an active filter and determines a re-
sponse characteristic of the loop filter 16 tcgether with

_ the lag-lead filter 16c. The second amplifier 164 is pro-

45
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- This means that with Nc given as data correSpondmg -
to the set frequency Fo, the VCO output frequency o

FIG. 12 shows a block diagram of the frequency |

detector circuit (FD) 18. -
In FIG. 12, a first and second frequency cemparatcrs
23, 24 are comprised first and second dividers 235, 24)

 and 23¢, 24¢ both sides of frequency comparing sections

- 23a and 24a, respectively. These, first and second di-
vider 235, 24b and 23c, 24, divide the reference signal

frequency and Fo corresponding to the VCO output
- frequency Fout supplied from the VCO 17 through a §

divider 172 according to the data N and R from the
control section 27. - o

65

.Fo--Fcut/B |
| FoutU/8—1001x105/8_125 125>(106 Hence, NU=-
fou/fZ=125. 125><106/(l25><103) 1001. Thls Nu is

‘vided so as to input an output from the phase detector

15 with a predetermined phase to the VCO 17, and does
not need always. The notch filter 16¢ is provrded SO as

to remove a fixed frequency component output from
the phase detector 15. Therefore, a necessary minimum

construction element of the loop filter 16 is the first '
amplifier 16a such as the active ﬁlter havmg mtegratlon

| cperatlon

Thereby, the output frequency Fout of the VCO 17 is
controlled to increase by the up pulses and to decrease |

by the down pulses.

Assuming the dividing factor for the set frequency Fc '-

to be Nc, the fcllewmg relation hclds

Fe/Ne = jZ

Nemeb' Fo= Nefo

Fout is identical to the set frequency Fo.
‘The function of the FD 18 is to pull the VCO output

frequency Fout in the vicinity of the set frequency Fo.

For example, it is assumed that the upper threshold
value FoutU is 1001 MHz when Fcut 1000 MHz is the

- set frequency

With Fz=10 MHz and RU_BO fZ=125 KHz Since
. - fOU-—-"' |

supplled frcm the ccntrol section 27.
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Since fZ=foy/NU=1foy=125 X 106,
(1) when foy> 125 KHz, the down pulses are output
in order to lower the VCO output frequency,
(2) when foy=125 KHz, no pulse 1s output.
Such downward control is illustrated in FIG. 13A.

Assuming the lower threshold value FoutL to be 999
MHz,

Fol = FoutL /8 =124.875 % 105
NL=foL/fZ=999

This N7 is supplied from the control section 27.

(1) When for <125 KHz, the up pulses are eutput
order to raise the VCO output frequeney

(2) When for =125 KHz, any pulse IS not output.

Such upward control is illustrated in FIG. 13B.

FIG. 13A and FIG. 13B are illustrated combined in
FIG. 13C.

Such frequency control can be made preferable to
conventional frequency control by voltage in stabiliza-

>
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tion against variations in environmental conditions in- |

cluding temperature.

The VCO output which has been pulled in between
the threshold values in that manner will become pulled
in the band of the PLL 14. Thereafter, the phase locked
control will be performed on the basis of the output of

comparison with the reference signal Fr=1000 MHz in
the phase detector (PD) 15.

[Third embodiment] PLL

A PLL which may be used as the PLL 14 of FIG. §
will be described as a third embodiment of the present
invention with reference to the drawings.

FIG. 14 is a block diagram of a frequency synthesizer
using the PLL according to the present invention.

In the Figure, 210 designates a frequency control
circuit for determining an output frequency of the PLL
220, which performs switching of frequency dividing
factors of a frequency coarse adjustment circuit 225 to
be described later and switching of a compensation
circuit.

It 1s assumed that a VCO 221 of the PLL 220 has the
characteristics illustrated in FIGS. 28 and 29 like the
VCO 31 described previously.

An output of the VCO 221 and a reference signal are
applied to a mixer type phase detector 222. This refer-
ence signal is supplied from a separate circuit which
generates a signal of a frequency Fr equal to frequency
data set in the frequency control circuit 210.

Reference numeral 223 designates an integrator
which integrates an error signal from the phase detector
222 to output a direct current voltage and consists of an
operational amplifier.

The integrator 223 is made up its output phase coin-
ciding with that of an output of an AC coupling circuit
as later described. Therefore, assuming integration is
performed with a single state operational amplifier,
another stage operational amplifier needs to correct a
converted phase of integration output (refer to the first
and second ampilifier 162 and 16b as shown in FIG. 12).

A lag-lead filter 224 is a loop filter which determines
the loop response of the PLL 220 and produces a con-
trol voltage for the VCO 221.
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The frequency detector 225 is adapted to coarsely

adjust the frequency of the VCO 221 to a specified
frequency. More specifically, the frequency detector
225 comprises a frequency divider 226 for dividing the
VCO output frequency and a frequency comparator 227

65
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for making comparison between the divided VCO fre-
quency and the reference signal frequency Fz to charge
or discharge the output of the integrator 223 so that
their frequency difference may become smaller than a
predetermined value. |

- 230 designates an alternating current coupling circuit
which capacitively couples between the phase compar-
ator 222 and the lag-lead filter 224 by means of capaci-
tors C2 and C3 to send only alternating current compo-
nents contained in the error signal output from the
phase detector 222 to the VCO 221 via the lag-lead
filter 224. Between the capacitors C2 and C3 is con-
nected a compensatlon circuit 231 for uniformly com-
pensating the gain coefficient in the loop of the VCO

221.

The switching of the compensation circuit 231 is
made by the frequency control circuit 210. For exam-
ple, when the desired frequency Fr is set between Fa
and Fb in FIG. 28, both switches Sb and Sc are kept
open. With Fr set between Fb and Fc the switch Sb is
closed. With Fr set between Fc and Fd, the switches Sb

_and SC are both closed.

Resistance values Ra, Ra//Rb and Ra//Rb//Rc are
set such that the gain of the VCO 221 in the vlcnnty of
its upper and lower limits may be equal to that in the
center as shown in FIG. 15.

‘Capacitors Ca, Cb and Cc paralleled with resistors
Ra, Rb and Rc are phase compensating capacitors for
stabilizing the phase in the loop. | .

The values of the capacitors C1, C2 and C3 are deter-

‘mined such that the AC signal passing range of the

alternate current coupling circuit 230 shown at f in
FIG. 16 lies above the passing range of the mtegrator
223 indicated at e.

Thus, the pass band of signals between the phase
detector 222 and the lag-lead filter 224 is substantially
constant over a wide range exceeding the cutoff fre-
quency of the integrator 223 as indicated at g in FIG.
16.

- Next, the operation of the frequenc:y synthesuer wﬂl |
be described.

“'When a frequency Fr (for example, Fc<Fr<Fd) 1S
set in the frequency setting circuit 210, a frequency
dividing factor N is set in the frequency divider 226 in
the frequency detector 225 such that Fr=N X Fz.

For this reason, the frequency Fo of the VCO 221 is
forcibly controlled to fall within a range from (N— 1)Fz
to N+ 1)Fz close to Fr, compared with the reference

signal with frequency Fr in phase by the phase detector

222 and then is locked to the reference signal frequency
Fr by the pull-in of the PLL.

Since, at this time, the switches Sb and Sc of the
compensating circuit 231 are both turned on, the appar-
ent gain of the VCO 221 in the loop is increased by the
parallel resistance value (Ra//Rb//Rc) of the resistors
Ra, Rb and Rc and compensated to the same level as in
the center region (FIG. 15).

‘The gain does not depend on the charactenstlc of the
DC loop of the integrator 223 side but remains substan-
tially constant over a wide range of offset frequencies
because of the AC loop of the AC coupling circuit 230
side. The SSB phase noise characteristics (a) and (b) at
the free-running time of the VCO 21 which vary over a
range an octave or more wide are suppressed suffi-
ciently and to a constant level as indicated at (O,
thereby producing highly pure output signals.

i
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In the above embodiment, three compensating resis-

tors Ra, Rb and Rc are used according the VF charac- -

- teristic of the VCO 221. This is because the actual VF
~ characteristic of the VCO is appromnated by three
‘straight lines. To compensate the gain more finely, the

frequency range may be divided into more than three
subranges to switch resistors for each of the subranges.

30

| the couplmg control circuit 302 in a eenal manner It is
‘understood that this total capacitance becomes an addi-

- tional capacitance to the resonant circuit 301. There-

fore, the additional capacitance is reduced since the

capacitance of the coupling control circuit 302 is re-
duced corresponding to the higher control voltage,

~ then the resonant circuit 301 is caused the resonance

- In this case, instead of connecting resistors in parallel as

- 1n the above embodiment, an independent resistor may
- be connected for each of the frequency subranges.
~ Though a lag-lead filter is used as the loop filter in the
above embodiment, another type of filter may be used.

- with the higher frequency In relation to opposite, the

- resonant circuit is caused a resonance with a lower

10

In the above embodiment, the frequency detector 225
1s used to synchronize the VCO output to the reference

srgnal frequency. Th.lS 1s not essentlal to the present
mvention.

In the above embodlment the VCO output is directly

15

applied to the phase detector 222. The VCO output may '-

be apphed to the phase detector after heterodyne con-
version.

embodnnent of the present invention employs AC cou-
~ pling as well as DC coupling between the phase detec-
“tor and the VCO and a compensation circuit for com-
pensating the apparent gain of the VCO in the AC loop.

- Therefore, the SSB phase suppression band relative to

the offset frequency can easily be widened in the state in-
which the loop gain of the whole system is uniform, and
highly pure signals can be output over a wide frequency |

vanable range.

- [Fourth embodnnent] VCO

FIG. 18 is a circuit diagram of the VCO 17 of FIG. 5,
namely, of a VCO incorporated in the PLL 14, which is
- a fourth embodiment of the present invention.

The VCO (voltage controlled oscillator) of the ¢ em-
bodiment forms a Colpitts oscillator and is used in com-
- munication equipment requiring the band of frequencies

‘an octave or more wide. The VCO has its output fre-
quency-controlled by an externally applied control

| 20
- As described above, the PLL according to the third

frequency according to the lower control voltage. Fur-

- thermore, in the case of capacitive coupling, the cou-
pling strength varies with frequency because capacitor
‘impedance with varies with frequency. For this reason, _

the capacitance is made small when the oscillation fre-

quency is high and vice versa so as to makc the couphng o

stréngth constant |

The active circuit 303 is ‘coupled to the resonant

circuit 301 via a coupling control circuit 302 so that it
. oscillates at the resonant frequency of the resonant
circuit. In this example, the active circuit includes an
- npn transistor T1 having its base connected to ground

via a series combination of a resistor R1 and a capacitor

~ C3. The transistor T1 has its collector connected to
. ground and its emitter connected to a power supply via

25
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a resistor R2. Between the resistor R2 and ground is

‘connected a capacitor C4. The emitter of the transistor
T1 is connected to the buffer circuit 6 via a coupling
ccapacitor C5. The coupling capacitor CS has its input
~end connected to ground via a capacitor C6 and its
output end connected to ground via a resistor R3. Be-

tween the junction point P2 between the capacttor CS5

~and the buffer circuit 306 and the power supply is con-
 nected a resistor. R4. Between the resistor R4 and the o
resistor R1 connected to the base of the transistor T1

are connected resistors R5 and R6 in the form of L. The

~ resistors R4 and RS forms a voltage divider. In this

active circuit 3, the . transrstor T1 oscillates at a fre-

- quency which varies with the magmtude of the control

40

~ voltage and comprises-an oscillator circuit 305, which is -

compnsed of a resonant circuit 301, a coupling control

circuit 302, an active circuit 303 and a variable capaci-

tance ratio circuit 304, and a buffer circuit 306 for tak-
~ ing out the output of the oscﬂlator circuit 305. |

‘voltage applied and its output is send to the buffer CIr-

cuit 306.
The variable capacrtance ratio circuit 305 has a choke |

' -coﬂ L4 having its end connected to the input end of the

- coupling capacitor C2 and a capacitor C7 havingitsend :

45

The resonant circuit 301 comprises a coil L and vari- -

able capacitance diodes D1 and D2 for connecting the
~ respective ends of the coil L to ground and has its input

‘connected to an input terminal 307 via a choke coil 1.2
and its output connected to the coupling control circuit
- 302, the active circuit 303 and the variable capacitance

ratio circuit 304. The variable capacrtance diodes D1

and D2 have their barrier capacitances controlled by a

connected to the output end of the coupling capacitor

'C2. A capacitor C8 is connected between the choke coil
L4 and the capacnor C7. The junction between the
__capacnors C7 and C8 is connected to the emitter of the

transistor T1. Between the choke coil L4 and ground is

connected a variable capacltance diode D4 the barrier
capacitance of which is controlled by the control volt- -
age supplied from the input terminal 307. By varying

‘the capacitance ratio of the variable capacitance diode

D4 to the capacitors C7, C8, the quantity of feedback

control voltage supplied from the input terminal 307

‘through the choke cotl L2, thereby contro]]mg the

oscillation frequency.
The coupling control circuit 302 is connected be-

35

from the emitter to the base of the transistor T1, which
depends on their capaclnve impedances, is controlled to

become constant. That is, when the capacitance of the

~ variable capacitance diode D4 is made small when the -

tween the resonant circuit 301 and the active circuit 303

 and comprises a coupling capacitor C2 and a series
60

. combination of a variable capacitance diode D3 and a

capacitor C1 and a choke coil L3 connected between

the junction of D3 and C1 and ground. The coupling
control circuit 302 controls the barrier capacitance of
the variable capacitance diode D3 through the choke

- coil L3 so that the resonant circuit 301 is caused a reso-
nance with a higher frequency. That is, capacitance in
- the variable capacitance ratio circuit 304 and capacr-_

65

‘tance in the active circuit 303 connect to capacrtance n

oscillation frequency is high and vice versa so as to

- control the capacitance ratio of capacitor C7 to capaci- |
tor C8 and variable capacitance diode D4, whereby the

- quantity of feedback which depends on their capacitive
-impedances is made constant mdependently of the oscil-
'latlon frequency.

The buffer circuit 306 mcludes an npn transrstor T2 .
for arnphfymg an output signal of the active circuit T1.

A capacitor C9 is connected to the collector of the
‘transistor T2 and a resistor R7 is connected between the

collector of T2 and ground. In addmon a capacrtor C10
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1s connected between the emitter of T2 and ground, and
a resistor R8 is connected between the emitter of T2 and
the power supply.

With the voltage controlled oscillator constructed as
described above, when a control voltage is applied to 5
the choke coil L2, the barrier capacitances of the vari-
able capacitance diodes D1 and D2 of the resonant
circuit 301 vary so that the oscillation frequency varies.
The oscillator output is taken from the active circuit 303
via the buffer circuit 306.

The quantity of feedback associated with the transis-
tor T1 in the active circuit 303 is kept substantially
constant by virtue of the variable capacitance ratio
circuit 304. That is, a control voltage raises the oscilla-
‘tion frequency, the capacitance of the variable capaci-
tance diode D4 is made small, thereby making the quan-
tity of feedback of the transistor T constant and causing
the oscillation frequency to vary linearly. When the
control voltage is small in magnitude and hence ‘the
oscillation frequency is low, on the other hand, the 20
capacitance of the variable capacitance diode D4 is
controlled to a large extent so as to keep the quantity of
feedback of transistor T constant and stable the oscilla-
tion in case of higher and lower oscillation frequencies.
Resultant, the oscillation frequency is allowed to vary 25
linearly. | -

FIG. 19 illustrates the control voltage versus fre-
quency characteristic and FIG. 20 illustrates the fre-
quency versus output level characteristic.

As can be seen from those characteristics, according
to the oscillator described above, linear characteristics
Is obtained over a wide frequency range and the total Q
is kept constant. This will also allow the C/N to be kept
constant and high level oscillator outputs to be ob-
tained.

Using a variable capacitance diode in the variable
capacitance ratio circuit 304 the oscillator described
above 1s simple in construction and inexpensive as com-
pared with another arrangement in which a plurality of
oscillators are switched by means of a switch circuit.

- Though, in the above embodiment, npn transistors T1
and T2 are used in the active circuit 3 and buffer circuit
306, field effect transistors may be used instead.

[Fifth embodiment] Signal generator (SG)

FIG. 21A is a schematic diagram of a signal generator
~which is a fifth embodiment of the present invention
and may be used as the reference signal generator 105 of
FIG. §. |

The signal generator selects a desired harmonic signal 50
from among a plurality of harmonic signals which are
multiplied by N and comprises an SRD circuit 401
serving as harmonic generating means and pattern con-
nected on a dielectric board not shown, bandpass filters
402, pin diodes 403 and a switch circuit 404. 55

The SRD circuits 401 multiply a signal of a predeter-
mined frequency (for example, 100 MHz) supplied from
an input terminal 405 by N (in this embodiment N
ranges from 3 to 11, as shown in FIG. 22). |

The bandpass filters 402 have their respective pass
bands set to select their respective required harmonic
signals from among the harmonic signals from the SRD
circuit 401 and output them from an output terminal
406. The bandpass filters 402 are grouped into a plural-
ity of sets (24, 2b, 2¢) each having plural bandpass filters 65
connected by patterns 407, three in the embodiment,
and each set of bandpass filters is connected to the SRD
circuit 401 and the output terminal 406.
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The output pattern 407 of the SRD circuit 401
branches into two or three separate paths, and each of
the paths further branches into two or three separate

~ paths. This branching is repeated until the number of

frequencies (paths) required is reached.

In order to shorten transmission lines and hence to
reduce loss, the points at which the patterns 407 branch
should be as close to the SRD circuit 401 and the output
terminal 406 as possible.

The paired pin diodes 403 are connected at junction
points P of patterns 407 in the opposite directions with
respect to a corresponding bandpass filter 402.

Each of the pin diodes 403 is mounted to the base of
an individual junction point such that the distance be-
tween the pin diode and the junction point is short
relative to the passing wavelength. _

Each of the switch circuits 404 is provided for a
respective one of the bandpass filters 402 and makes
switching of pin diodes 403 disposed on pattern 407
associated with a corresponding one of the bandpass
filters 402. A positive bias voltage is selectively applied
to on control terminals yl-y9 from output terminals
y1-y9 of a switching controller 418 so that one trans-
misston line is formed between the SRD circuit 401 and
the output terminal 406. The paired pin diodes 403 on
pattern 407 associated with a bandpass filter 402 sup-
plied with the control voltage are turned on. At this
time, all other pin diodes disposed on patterns 407 asso-
ciated with switch circuits 404 whose control terminals
are not supplied with the positive bias voltage are re-
verse biased so that they are off.

Since each pair of pin diodes 403 is connected to
corresponding junction points P of patterns 407 in op-
posite directions with respect to a corresponding band-
pass filter 402, when a transmission line is formed by a
pair of pin diodes being turned on, the patterns associ-
ated with all other pin diodes which are in the off state
are electrically cut off from the selected transmission
line. This will not impose additional loading on the
selected transmission line unlike the prior art. In addi-
tion, a harmonic signal of a desired frequency selected
by one of bandpass filters can be obtained from the
output terminal 406 without deteriorating the charac-
teristic of the SRD circuit 401.

With the signal generator constructed as above, when
a signal of a predetermined frequency is applied to the
input terminal 405, the SRD circuit 401 multiplies the
signal frequency by N. When a positive bias voltage is
applied to the control terminal y2 of the switch circuit
404 of the second stage in the first set 2z in FIG. 21A,
pin diodes 403(1), 403(3), 403(5) and 403(22) on the
patterns 407 associated with the bandpass filter 402(2)
connected to the said switch circuit are turned on,
thereby forming one transmission line 408 as indicated
by dotted lines between the SRD circuit 401 and the
output terminal 406. At this time, other pin diodes
403(2), 403(4), 403(6), 403(7) to 403(21), 403(23) and
403(24) are all in the off state and electrically cut off
from the formed transmission line 408 at junction points
P of patterns 407, thereby imposing no additional load-
ing on the transmission line 8 and thus permitting signals

‘with high level and good frequency characteristic to be

obtained. |

With the present embodiment, since one transmission
line 408 formed by the switching action of the switch
circuit 404 to obtain a desired harmonic signal from
among harmonic signals multiplied by N by the SRD
circuit 401 is electrically disconnected from patterns
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407 associated with all other pin dlodes 403 Wthh arein

- the off state at junction points P, no additional loadmg

1s imposed on the formed transmission line 408. For this

reason, if any transmission line is formed, a signal with
- high level and good frequency characteristic can be
- obtained, as shown in FIG. 23. That is, a desired har-

- monic signal is obtained from the output terminal 406 |
- without detenoratmg the charactenstlc of the SRD |

circuit 401. |
In FIG. 21A, the outputs of mdmdual ﬁ]ters may be

B connected to other swltchmg (not shown) directly

10

without provmon of the Junctlon points P3, P5 P7,and

~ P8.

In addltlon the s:gnal generatcr uses on]y one SRD -

- circuit. The signal generator of the present embodiment

~ is therefore simple in circuit construction and i inexpen-

_sive as compared with the conventional signal genera-

tor having a plurality of SRD circuits. Furthermore, the

‘space for the SRD circuit on a circuit board can be
-~ reduced to a minimum to mprove packagmg efficiency.
The embodiment shown in FIG. 21B is the same as
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and each output end of each of said plurahty of
- bandpass filters; and

N smtchmg means coupled to said- plurallty of blas -

- means for bringing only diodes on a conducting
path whereto a DC bias voltage is applied, to a
~conducting state, and for bringing other diodes on
other conducting paths to a cut-off state, among

 said plurality of said first, second, third, and fourth =~
- diodes, by applying said DC bias voltage selec-

tively to said plurality of bias means. o
‘2. A signal generator according to claim 1, wheretn N
said plurality of first, second, third and fourth dlodes a
include pin diodes respectively.
3. A signal generator according to claim 1, whereln-
each of conducting paths of said harmonic generatmg-

means from said output end to said output branch point

~ is patterned to obtain a shortest distance.

20

4. A signal generator according to claim. 1 wherein

- said plurahty of said first, second, third, and fourth
diodes are respectively collectively connected to bases

~ of said input branch point, a plurality of the first diodes,

- thatin FIG 21A except that three SRD clrcults 401 are

used.
What is clatmed 18: |
1. A signal generator compnsmg
harmonic generating means havmg an mput end and
an output end, for generating harmonic signals

~when a number of said plurality of said first and fourth -
diodes is three respectwely, a number of said pluraltty -

~ from said output end, said harmonic generating
‘means being responsive to an mput signal apphed .

to said input end;

~ aninput branch point connected to said output end of
said harmonic generating means;

a plurality of first diodes each havmg one end and
- another end, each said one end of said first diodes
ccllectwely bemg connected to the input branch

point;

30
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a plurality of first branch pomts each connected to

said another end of one of said plurality of first
diodes; -

a plurahty of second diodes each havmg one end and
another end, said second diodes being grouped into
groups and each said one end of each of said second

“diodes of each of said groups being collectlvely |

_connected to one of said first branch points;

a plurality of bandpass filters each having an input
- end and an output end, each of said bandpass filters

having a frequency characteristic for permitting

desired different harmonic frequency signals to B
pass through, and each input end of said bandpass
50

filters being connected to said another end of one
of said plurality of second diodes;

40
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'_a plurality of third diodes each havmg one end and |

“another end, said third diodes being grouped into

_groups and each one end of said third diodes being

connected to said output end of one of satd plura]-

ity of bandpass filters;

~a plurality of second branch pomts each second
“branch point being collectively connected to said
another ends of each of said third dJodes of one of
said groups of third diodes; =

a plurality of fourth diodes, each havmg one end and

33

a plurality of the second branch points, and the output:

branch point, thereby making a distance between each -

' ‘branch point and each diode shorter than any wave-
25 |

length of passing signals.
5. A signal generator accordmg to claim 1, wherem

‘of said first and second branch points is three respec-
tively, and a number of said plurality of said second and
-third diodes is nine respectively, said plurality of said -

second and third diodes being connected to said plural-

ity of said first and second branch points after bemg’- |

grouped into three groups of three.
6. A signal generator comprising: -

~ an input branch point connected to an 1nput end
. whereto an input signal is applied; |
“a plurality of first diodes each having one end and
-another end, each said one end of said diodes being
collectively connected to the mput branch point;

a plurality of harmonic generating means each having -

~an input end which is connected to said another
“end of one of said plurality of first diodes, each
harmonic generating means having an output end,

and each harmonic generating means being respon- N

“sive to said input signals applied to said each input
end for providing harmomc sngnals at the respec-. |
tive output ends; |

a plurality of first branch pomts ecach connected to
-~ said output end of one of said plurahty of harmonic
- generating means; |

- a plurality of second d.lOdCS each havmg one cnd and

~ another end, said second diodes being grouped into
groups and each said one end of each of said second
dicdes of each of said groups being connected to
“one of said first branch points;

~ a plurality of bandpass filters each having an mput

@ |

- another end, each said one end of said fourth diodes

 being connected to one of said plurahty second
~ branch points; |
~an output branch point ccllectwely ccnnected to
each said another end of said fourth diodes;
~a plurality of bias means each being smultaneously

65

- connected to conducttng paths for each mput end '

‘end and an output end, each of said bandpass filters '.
having a frequency characteristic for permitting

: desired different harmonic frequency signals to

pass through, and each input end of said bandpass N

filters being connected to said. another end of one
of said plurality of second diodes; |

' a plurality of third diodes each having one end and

- another end, said third diodes being grouped into

groups and each one end of said third diodes being

connected to said output end of one of smd plural-
| lty of bandpass filters; -
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a plurality of second branch points, each second
branch point being collectively connected to said
another ends of each of said third diodes of one of
said groups of third diodes:

a plurality of fourth diodes, each having one end and 5
another end, each said one end of said fourth diodes
being connected to one of said plurality second
branch points; i |

an output branch point collectively connected to
each said another end of said plurality of fourth
diodes;

a plurality of bias means each being simultaneously
-connected to conducting paths for each input end
and each output end of each of said bandpass fil-
ters: and |

switching means coupled to said plurality of bias
means for bringing only diodes on a conducting
path whereto a DC bias voltage is applied, to a
conducting state, and for bringing other diodes on
other conducting paths to a cut-off state, among

- said plurality of said first, second, third, and fourth
diodes, by applying said DC bias voltage selec-
‘tively to said plurality of bias means.

10
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a plurality of bias means each being connected to a
connecting path of said input end of one of said
plurality of bandpass filters; and

switching means coupled to said plurality of bias
means for bringing only diodes on a conducting
path whereto a DC bias voltage is applied, to a
conducting state, and for bringing other diodes on
other conducting paths to a cut-off state, between
said plurality of said first and second diodes, by
applying said DC bias voltage selectively to said
plurality of bias means. o

12. A signal generator according to claim 11, wherein

said plurality of said first and second diodes include pin
diodes respectively. |

13. A signal generator according to claim 11, wherein

each of conducting paths of said plurality of said band-
pass filters from said input branch point to all output
ends of said bandpass filters is patterned to obtain a
shortest distance. @~ _

14. A signal generator according to claim 11, wherein

said plurality of said the first and second diodes are
respectively collectively connected to bases of said

input branch point, and a plurality of the branch points,
thereby making a distance between each branch point
and each diode shorter than any wavelength of passing
signals. |

15. A signal generator according to claim 11,
wherein, when a number of said plurality of said first
diodes is three, a number of said plurality of the second

1. A signal generator according to claim 6, wherein
said plurality of first, second, third and fourth diodes
include pin diodes respectively.
8. A signal generator according to claim 6, wherein
each of conducting paths of said harmonic generating
means from said output end to said output branch point

25

diodes; |

a plurality of second diodes each having one end and
another end, said second diodes being grouped and
each said one end of each of said second diodes of
each of said groups being connected to one of said 60
first branch points; o |

a plurality of bandpass filters each having an input
end and an output end, each of said bandpass filters
having a frequency characteristic for permitting
desired different frequency signals to pass through, 65
and each input end of said bandpass filters being
connected to said another end of one of said plural-
ity of second diodes;

1s patterned to obtain a shortest distance. 30 branch points is three, and the number of said plurality
9. A signal generator according to claim 6, wherein of said second diodes is nine, said plurality of said sec-
said plurality of said first, second, third, and fourth  ond diodes being connected to said plurality of said
diodes are respectively collectively connected to bases branch points after being grouped into three groups of
of said input branch point, a plurality of the first diodes,  three. | |
a plurality of the second branch points, and the output 35 16. A signal generator comprising:
branch point, thereby making a distance between each a plurality of first branch points, each branch point
branch point and each diode shorter than any wave- including means for receiving input signals;
length of passing signals. a plurality of first diodes each having one end and
10. A signal generator according to claim 6, wherein, another end, said first diodes being grouped into
when a number of said plurality of said first and fourth 40 groups and each said one end of said first diodes of
- diodes is three respectively, a number of said plurality each of said groups being collectively connected to
of said first and second branch points is three respec- one of said plurality of said first branch points; |
tively, and a number of said plurality of said second and a plurality of bandpass filters each having an input
third diodes is nine respectively, said plurality of said end and an output end, each of said bandpass filters
- second and third diodes being connected to said plural- 45 having a frequency characteristic for permitting
ity of said first and second branch points after being desired different frequency signals to pass through,
grouped into three groups of three. | and each input end of said bandpass filters being
11. A signal generator comprising: connected to said another end of one of said plural-
an input branch point connected to an input end ity of first diodes;
whereto an input signal is applied; 50  a plurality of second diodes each having one end and
a plurality of first diodes each having one end and another end, said second diodes being grouped into
another end, each said one end of said diodes being groups and said each one end of said second diodes
collectively connected to the input branch point; - being connected to said output end of one of said
a plurality of first branch points each connected to plurality of bandpass filters;
said another end of one of said plurality of first 55 a plurality of second branch points, each second

branch point being collectively connected to said
another ends of each of said second diodes of one
of said groups of second diodes;

a plurality of bias means each being simultaneously
connected to a connecting path of said input end
and said output end of one of said plurality of band-
pass filters; and = |

switching means coupled to said plurality of bias
means for bringing only diodes on a conducting
path whereto a DC bias voltage is applied to a
conducting state, and for bringing other diodes on
other conducting paths to a cut-off state, between
said plurality of said first and second diodes, by
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plurality of bias means.
17. A signal generator accordmg to claim 16, wherem

-said plurality of said first and second dlodes include pm |

diodes respectively.

- 18. A signal generator accordmg to claim 16,
wherein, each of conducting paths from said plurality of
said first branch points to said plurality of said second

- branch points is patterned to obtain a shortest distance.

19. A signal generator according to claim 16,
~wherein, said plurality of said first and second diodes
~are collectively connected to bases of said plurality of

said first branch pomts and said plurahty of sald second

5218 313

~applying said DC blas vo]tage selectwe]y to said

38

branch pomts thereby makmg a'dlstance between cach

| 'branch point and each diode shorter than any wave-
~ length of passing signals. | | -

- 20. A signal generator accordmg to claim 16, .
'iwhcrem, when a number of said plurality of said first

" and second diodes is nine respectively, a number of said
- plurality of said first and second branch points is three

10

~ respectively, said plurality of said first and second di-

odes being connected to said plurality of the first and

~second branch points after bemg gmuped into three '

- groups of three -
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CERTIFICATE OF CORRECTION
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